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Abstract
Evidence from fMRI, ERPs, and intracranial recordings suggests the existence of

face-specific mechanisms in the primate occipitotemporal cortex. The present study used

a 64-channel MEG system to monitor neural activity while normal subjects viewed a

sequence of grayscale photographs of a variety of unfamiliar faces and non-face stimuli.

In fourteen out of fifteen subjects, face stimuli evoked a larger response than non-face

stimuli at a latency of 160 msec after stimulus onset at bilateral occipitotemporal sensors.

Inverted face stimuli elicited responses that were no different in amplitude but 13 msec

later in latency than upright faces. The profile of this M170 response across stimulus

conditions is largely consistent with prior results using scalp and subdural ERPs.
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Introduction:

Extensive evidence from a wide variety of techniques suggests the existence of

face-specific mechanisms in primate occipitotemporal cortex. The aim of this study was

to provide a detailed characterization of the neural response to face stimuli using MEG.

Behavioral evidence from normal and brain-damaged subjects has suggested a

functional dissociation between face and nonface processing. The strongest evidence

comes from the double dissociation between face and object recognition, with

prosopagnostic patients impaired at face but not object recognition [1], and other patients

showing the opposite pattern of deficit [2].

Many techniques have been used to explore face-processing mechanisms.

Functional brain imaging studies have localized a focal region in the fusiform gyrus

called the fusiform face area (FFA) that responds in a highly selective fashion to faces,

compared to a wide variety of other stimulus types [3-6]. However, fMRI provides little

information about the temporal characteristics of face processing. Electrical recordings

from the scalp surface have revealed a posterior-lateral negative peak at a latency of 170

msec elicited by human faces but not by animal faces, cars, scrambled faces, items of

furniture, or human hands [7-9]. However, the poor spatial resolution of ERPs prevents

precise localization of the neural source(s) of the N170. In contrast, intracranial recording

has provided impressive evidence for selective neural responses to faces, with both high

temporal and spatial resolution. Specifically, multiple distinct regions in the temporal

lobes and hippocampus of epilepsy patients have been found to produce an N200

response to faces but not to cars, butterflies and scrambled faces, or letterstrings [10-13].
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Nevertheless, these recordings are possible only from severely epileptic patients, where

the degree of cortical re-organization caused by the seizures is not known.

In contrast to the techniques described, MEG provides excellent temporal

resolution, good spatial resolution, and can be used safely in neurologically normal

subjects. Several recent studies have found a strong magnetic response (M170) to face

stimuli in comparison to nonface stimuli over occipitotemporal brain regions [14-19].

These studies suggest that the M170 is quite selective for faces; however, only a few

stimulus conditions were compared in each study. To provide a stronger test of face

selectivity, the present study tested the amplitude and latency of the M170 to 13 different

stimulus types. In Experiment 1, we compared the magnetic response elicited by faces

and a variety of non-face images, in order to test whether the M170 is in fact specific to

face processing as opposed to a more general process such as subordinate-level

categorization, or processing of anything animate or human. In Experiment 2, we tested

the generality of the M170 response across faces that varied in format, surface detail, and

viewpoint. In Experiment 3, we tested whether the M170 is sensitive to stimulus

inversion.

Three critical design features were used in the present study. First, we ran all

subjects on a "localizer" experiment with face, object and hand stimuli in order to identify

candidate face-selective sensors for each subject on a data set independent from the data

collected in the main experiments. Second, in the three main experiments subjects

performed a one-back task (pressing a button whenever two identical images were

repeated consecutively), which obligated them to attend to all stimuli regardless of
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inherent interest. Finally, all stimulus classes in each experiment were interleaved in a

random order to eliminate any effects of stimulus predictability.

Materials and Methods

Seventeen healthy normal adults, aged 19-40, volunteered or participated for

payment in all four experiments in a single testing session. All were right-handed and

reported normal or corrected-to-normal vision. The data from two subjects were omitted

from further analysis because they fell asleep during the experiment.

Subjects lay on the scanner bed in a dimly lit, sound attenuated, and magnetically

shielded room, with a response button under their right hands. A mirror was placed 120

cm in front of the subject’s eyes and the screen center was positioned on the subject’s

horizontal line of sight. The stimuli consisted of gray-scale photographs (256 levels) of a

variety of unfamiliar faces and non-face stimulus categories. Each image subtended 5.7 ×

5.7 degrees of visual angle and was presented at the center of gaze for a duration of 200

msec by a projector. The onset-to-onset interstimulus interval between stimuli was

randomized from 600 to 1000 msec and stimuli were presented in a pseudorandom order.

During the experiment, a small fixation cross was continuously present at the screen

center.

The experiment consisted of 8 experimental blocks, divided into 4 experiments

(the localizer experiment, plus Experiments 1-3). Each subject was first run on the

localizer experiment which involved passively viewing 200 trials each of faces, objects

and hands (intermixed). In this experiment, subjects were simply instructed to attentively

view the sequence of images. In the following three experiments, subjects performed a
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one-back task in which they were asked to press a button whenever two consecutive

images were identical. In each of the three main experiments, subjects performed 110

trials for each of 5 or 6 different stimulus categories. Only 7 subjects participated in

Experiment 2. On average, 10% of trials were repetition targets; these were excluded

from the analysis.

The magnetic brain activity was digitized continuously (1000 Hz sampling rate

with 1Hz high pass and 200Hz low-pass cutoff, and 60 Hz notch) from a 64-channel

whole head system with SQUID based first-order gradiometer sensors (KIT MEG

SYSTEM). Five hundred millisecond epochs (100 msec pre-stimulus baseline and 400

msec post-stimulus) were acquired for each stimulus. All 200 trials (localizer experiment)

or 100 trials (the following three experiments) of each type were averaged together,

separately for each sensor, stimulus category, and subject.

Results:

The most face-selective sensor (i.e. the one showing the greatest increase in

response to faces compared to hands and objects) was identified independently for each

subject and hemisphere from an inspection of the data from the localizer experiment (see

Figure1, top, for an example). The independent definition of our sensor of interest (SOI)

allowed us to objectively characterize the response properties of the M170 in the three

following experiments which were run on the same subjects in the same session. Figure1

(top) shows the MEG response in each channel to faces and objects in a typical subject,

with the face-selective SOI in each hemisphere indicated. Figure 1 (below) shows the

magnetic responses in the SOIs from the left and right hemisphere6 for this subject. Only
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one subject's data did not show any clear face-selective SOI; this subject was excluded

from further analyses. In all other subjects, a clear face-selective SOI was found in the

ventral occipitotemporal region of each hemisphere.

The response to each stimulus type for each sensor of interest was averaged

across the subjects in each experiment and is shown in Figure 2. For each subject

individually, the amplitude and latency of the M170 was determined for each stimulus in

each hemisphere. These values were then analyzed in six different ANOVAs (three

experiments and two dependent measures, amplitude and latency), with hemisphere and

stimulus condition as factors in each. All six ANOVAs found main effects of stimulus

condition (all ps<0.02), but the main effects of hemisphere did not reach significance (all

ps >0.05). Because there was no hint of an interaction of condition by hemisphere in any

of six ANOVAs (all Fs<1), in subsequent analyses the data from the left and right

hemisphere were averaged within each subject. The averages across subjects of each

individual subject's M170 amplitude and latency for each condition are shown in Figure

3.

In Experiment 1, the amplitude of the M170 was significantly larger for faces than

for animals (t[13]=7.69, p<0.0001), human hands (t[13]=5.72, p<0.0001), houses

(t[13]=5.18, p<0.0001) and common objects (t[13]=8.34, p<0.0001). In addition, the

M170 latency was significant later (by 9 msec on average) to animals than to human

faces (t[13]=3.78, p<0.001).

For Experiment 2, all face stimuli produced a significantly larger response than

the response to objects (all ps<0.005), except for cartoon faces where this difference did

not reach significance (t[6]=1.84, p>0.05). The amplitude of the M170 elicited by front-
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view human faces was significantly larger than that for profile faces (t[6]=2.6, p<0.05)

and cartoon faces (t[6]=4.93, p<0.001), but not significantly different from cat faces or

line-drawing faces (both ps > 0.2). In addition, the M170 latency was significant later to

cat face than to human faces (t[6]=4.48, p<0.001); however, the latencies for line-

drawing and profile faces did not differ from that for human front-view faces (all ps>0.1).

In the third experiment, the M170 latency was significant later (13 msec on

average) to inverted faces than to upright ones (t[13]=8.99, P<0.0001), but no significant

difference was revealed in amplitude ( t[13]=0.47, P>0.1). In addition, two-tone Mooney

faces failed to elicit as large an M170 as human faces did (t[13]=6.07, P<0.0001).

Discussion:

The main results of this study can be summarized as follows. A clear and bilateral

M170 response to faces was found at occipitotemporal sites in 14 out of 15 subjects

tested. Neither animal stimuli nor human hands elicited an M170 as large as that elicited

by faces, showing that the M170 is selective for faces, not for human or animal forms.

Further, because the M170 response was low to houses and hands yet the task required

subjects to discriminate between exemplars of these categories, our data suggest that the

M170 does not simply reflect subordinate-level categorization for any stimulus class.

Experiment 2 found that the M170 was not significantly lower in amplitude for cat faces

and outline faces than for grayscale human front-view faces, demonstrating that the

M170 generalizes across face stimuli with very different low-level features. On the other

hand, the longer latency of the M170 elicited by cat faces and the lower amplitude of the

M170 elicited by profile-view human faces suggest that any deviation from the
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configuration of human front-view faces reduces the efficiency of the processing

underlying this response. In Experiment 3, the M170 to inverted faces was as large as that

to upright faces, but it was delayed 13 msec in latency.

Our results are generally consistent with prior studies of the M170 (see also

Halgren, [20]) except that where we find bilateral face-specific M170s, other studies have

found the M170 to be larger [19] or exclusively located [18] in the right hemisphere. The

most direct and extensive investigation of face-specific neural responses have been

carried out using subdural electrode recordings from the surface of the human ventral

pathway [11, 21, 22]. These studies have included most of the stimulus conditions tested

in the present study. The response profile we observed for the M170 and the bilaterality

of the M170 response are both consistent with the results from direct electrical recordings

reported by Allison and colleagues. Our results are also consistent with prior studies

using scalp ERPs, except that animal faces did not produce an N170 [9] but they did

produce an M170 in the present study.

Although the response properties of the M170 are similar to those of the FFA

observed with fMRI in most respects, there are several apparent differences. First, M170

responses were bilateral and if any thing larger over the left hemisphere, whereas the

FFA is typically larger in the right hemisphere. Second, our experiment showed that the

M170 elicited by cartoon and Mooney faces was more like that elicited by common

objects than by human faces. These results differ from the pattern of results found for the

FFA using fMRI [23]. These differences suggest that the M170 may reflect processing

that occurs not only in the FFA but also in other neural sites.
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Does the M170 reflect face detection or face recognition, or both? Behavioral

studies have shown that surface information is critical in face recognition [24]. However

in our MEG study, linedrawing faces elicited as large a magnetic response as did

grayscale faces. Furthermore, inversion of faces did not reduce the amplitude of M170,

although face recognition performance is greatly reduced by inversion [25]. These

considerations suggest that the M170 may be engaged in detecting the presence of faces,

instead of extracting the critical stimulus information necessary for face recognition.

Conclusions:

Our results strongly suggest that the M170 response is tuned to the broad stimulus

category of faces. The face-selective M170 is similar in many respects to the N170 and

N200 observed with scalp and subdural ERPs [9, 11, 21, 22]. Our study lays the

groundwork for future MEG investigations into the number and locus of neural sources

that generate the M170. Further, the evidence provided here for the selectivity of the

M170 enables us to use the M170 as a marker of face processing in future work.
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Figure Legends

Figure 1: (Top) The average response of each of 64 channels elicited by faces (black

waveform) and objects (red waveform) from a typical subject in the localizer

experiment. As can be seen, at least one sensor in each hemisphere shows a much

stronger response to faces than objects; these were selected as the SOIs for analyses

of subsequent experiments in the same subject. (L: Left; R: Right; F: Frontal; P:

Posterior). (Bottom) The response to faces (Red), hands (green), and objects (blue)

at these two SOIs in the localizer experiment are shown below.

Figure 2: The M170 response from SOIs in the left (top) and right (bottom) hemispheres

averaged across subjects for each experiment.

Figure 3: The average amplitudes and latencies for each condition from three main

experiments.


